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Glycopeptide Antibiotics 



5 BACKGROUND OF THE INVENTION 
FIELD OP THE INVENTION 

The field of the invention comprises novel pharmacwtioals for preventing and treating antiviral 
10 infection, preferably retroviral infections and more preferably HIV infection, 

BACKGROUND 

Glycopeptide antibiotics (Vancomycin, Teicoplanin) are vital therapeutic agents wsed wortd-wxde for 
15 Hie treatment of infections with gram-positive bacteria. Emerging bacterial resistance to vancomycin, 
which has recently become a major public health threat, is a stimulus for the synthesis and 
investigation of various derivatives of glycopeptide antibiotics (Malabarba, A et al Med Res. Rev. 
17: 69-137, 1997 and Pavlov A.Y. & MJM-Preobrazhenskaya. Russian Journal of Bioorganic 
Chemistry. 24:570 - 587, 1998). However, none of these compounds or their derivatives have been 
20 demonstrated to have antiviral properties or to be suitable to inhibit or prevent viral infections. 

The present invention includes various new semisynthetic derivatives of natural glycopeptide 
antibiotics such as vancomycin, eremomycin, chloreremomycin, teicopianin, BA-40926 and others, 
their aglycons and also products of their partial degradation with the peptide core destroyed or 
25 modified in peptide core and in sugar moieties. The present derivatives are useful as anti-HTV 
compounds. They are particularly effective against drug-resistant HIV strains. 

SUMMARY OF THE INVENTION 

30 New semisynthetic derivatives of natural glycopeptide antibiotics have been designed and tested for 
antiviral activity and cell toxicity. 

The invention includes novel compounds and methods of making novel compounds with pronounced 
anti-HIV activity and low cell toxicity, methods of structurally modifying said compounds for 
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£ enhanced antiviral activity and methods of structurally modifying said compounds for decreasing or 
removing antibacterial activity while maintaining antiviral activity. 

An embodiment of present invention comprises thus novel pharmaceuticals derived from glycopeptide 
5 antibiotics or from glycopeptides with an analogue structure for preventing and treating antiviral 
infection, preferably retroviral infections and more preferably HTV infection. 



A preferred embodiment of present invention are compounds of the formula I, II and HI 




Formula II 




Formula EH 
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wherein; 

b 1 and b 4 each independently represents nihil or an additional bond, R° represents nihil when b 2 
5 represents an additional bond and hydrogen when R° represents nihil, R* represents nihil when b l 
represents an additional bond and hydrogen when b 1 represents nihil, R 6 represents R 6 " and R° 
represents hydrogen when b 1 and b 2 each represents nihil, wherein R €a is described below. Preferably 
R* represents R* 8 , R° represents hydrogen and b 1 and b 2 each represents nihil; 

10 b 3 represents nihil or an additional bond, R* — R 5 * represents a group of the formula: CHN(R n )CO, 
CHN(R n )(CH2)^(R Ua )CO or C3HNCR I, )CO(CKb) 8 N(R u *)CO when b 3 represents an additional bond, 
and R* is R and R 5a is R s when b 3 represents nihil, wherein z is 0, 1, 2, 3 or 4 and R, R 5 , R !l and R * 
are described below. Preferably R"— R 5 " represents CHNHCO; 

b 4 represents ndhil or an additional bond, R b — R* represents a group of the formula: CHN(R n )CO, 
15 CHN(R u )(CH2)zN(R Ha )CO or CHNCR u )CO(CH 2 >pN(R Ua )C0 when b 4 represents an additional bond, 
and R* is R and R 5b is R 5 when b 4 represents nihil, wherein p is 0, 1, 2, 3 or 4 and R, R 5 R n and R 1 ' 9 
are described below; 

b 5 . b 6 and b 7 each independently represents nihil or an additional bond, Y represents oxygen, R°* 
represents hydrogen and R d represents R or a group of the formula: (CH 2 ) qi CON(R n )CH(CH20H) 

20 (CH^,N(R ,2 )CH(CH 2 OH) when b s and b 7 represent nihil and b 6 represents an additional bond. R°" 
represents nihil, R d — Y represents a group of the formula; CHN=C(NR u )0 or CHNHCON(R n ) when 
b 6 represents nihil and b 3 represents an additional bond. Y and R 0 " each represents a hydrogen and R d 
represents group of the formula: (CHa) q CON(R n )CH(CH 2 OH> (CH 2 ) q N(R w )CH(CH20H) when b s , b 6 
and b 7 each represents nihil, wherein q is 0, 1, 2, or 3 and R K u and R 12 are described below, 

25 nisO, 1,2 or 3; 
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• • 9 

^X 1 , X 2 , X 3 , X 4 , X 5 ,X 7 and X? are each independently selected from hydrogen, halogen andX 6 , wherein 
X 6 is defined below. Preferably X 1 * X\ X 3 , X 4 , X s , X 7 and X 9 are each independently selected from 
hydrogen and CI; 

X 5 is selected from the group comprising hydrogen, halogen, SO3H, OH, NO, N0 2 , NHNHa, 
5 NHN=CHR IJ v N=NR l \ CHR^R 13 , CHiN(R 3 )R u , R 5 , R 11 and R 13 , wherein R 3 is CH 2 attached to 
phenolic hydroxyl group of the 7* amino acid, R 5 , R u and R 13 are defined below. Preferably X 6 is 
CHbR 13 ; 

X 5 is selected from hydrogen and methyl; 

R° represents R and R So represents R 5 , wherein R and R 5 are defined below; 

10 R is selected from CHR 13 and R 14 , wherein R 13 and R M are defined below. Preferably R is CHR 15 ; 

R 1 is selected from hydrogen and R u , wherein R u is defined below. Preferably R 1 is (CHa)tCOOH, 
(CHa^ONR 1 ^ 12 , (O^COR* 3 , (CH 2 >COOR", COR ,s , (CHaXOH, (CH 2 ) t CN, (CH 2 }R ,S , 
(CH 2 )tSCH 3> (CH 2 >SOCH 3} (CH^tSCOjaCHa, (CH^phenyKw-OH^Cl), (CH^phenylO^X 7 , w-OR w , 
^X 8 )-[0-phenyl(o-OR 9 , ro-X 9 , m-R 16 )]-™, where t is 0, 1, 2, 3 or 4. R, X 7 , X 8 , X 9 are defined above. 

15 R u , R 12 , R u , R IS and R 1S are defined below; 

R* and R* are each independently selected from hydrogen. R 12 and R' 7 , wherein R ia and R 17 are 
defined below; 

R 3 is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 
Preferably Sug is mannosyi or O-acetylraannosyl. R 12 and R 17 are defined below; 
20 R 5 is selected from COOH, COOR", COR 13 , COR", CH2OH, CHahalogen, CHzR 13 , CHO, 
CH=NOR u , CH=NNR U R 12 and C=NNHCONR n R 12 , wherein R u , R n , R ,s and R 13 are defined 
below; 

R* 9 is selected from OR 12 , OR 17 , OH, O-alkyl-Sug and O-Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is glucosyl, ristosaminyl, N-acetylglucosaminyl, 4-epi-vancosaminyl, 3- 

25 epj-vancosaminyl, vancosaminyl, actinosaminyl, glucuronyl, 4-oxovancosaminyl > ureido-4- 
oxovancosaminyl and their derivatives with fimctional groups such as, for example, amino, carboxy, 
hydroxy and oxo. Typical carbohydrate derivatives comprising NR n R ia , TN*R u R u "R m , COOR u , 
COR 13 , COR 13 , O R 12 , O R 17 , C=NOR n , CHNHOR 11 , C-NNR n R 12 and C H =NNHCONR u R 12 
derivatives, wherein R n , R IU , R nb , R u , R 13 , R 1S and R I? are defined below; 

30 R 7 is selected from hydrogen, R 12 , R 17 , Sug and alkyl-Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is glucosyl, mannosyi, ristosaminyl, N-acylglucosaminyl, N- 
acylglucuronyl, glucosaminyl, glucuronyl, 4-^-vancosaminyl, 3-e/>/-vancosaminyl, vancosaminyl, 
actinosaminyl, acosaminyl, glucosyl-vancosaminyl, ghicosyl-4-e/?i-vancosaminyl, ghicosyl-3-epf- 
vancosaminyl, glucosyl-acosaminyl, glucosyl-ristosaminyl, glucosyl-actinosaminyl, glucosyl- 

35 rhamnosyl, glucosyl-olivosyl, ghicosyl-mannosyl, glucosyl-4-oxovancosaminyl, glucosyl-ureido-4- 
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^Oxov^oosamixiyl, glucosyl(rhaiimosyl)-maimosyl-arabiDOsyL, glucosyl-2-O-Leu and their derivatives 
with as functional groups, for example, amino, carboxy, hydroxy and oxo. Typical carbohydrate 
derivatives comprising TNR n R 12 . N*R n R na R llb , COOR 11 , COR 13 . COR 15 , O-R 12 , O-R 17 C=NOR 1! , 
CHNHOR 11 , 0=NNR u R J2 and C=NNHCONR u R 12 derivatives, wherein R u , R n \ R m , R 12 , R 13 , R' 5 

5 and R 17 are defined below; 

R 8 is selected from hydrogen, R 12 , R n , OH, O-alkyL-Sug and O-Sug, wherein Sug is any cyclic or 
acyclic carbohydrate. Preferably Sug is O-mannosyl, O-galactosyl and 0-galactosyl-gaiactasyl; 
R* is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 
Preferably Sug is galactosyl or galactosyl-galactosyl. R p and R 17 are defined below; 

10 R 10 is selected from hydrogen* R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 
Preferably Sug is mannosyl or fucosyl. R 12 and R 57 are defined below; 

R l \ R Ua and R nb are each independently selected from the group consisting of hydrogen, alkyl, aryU 
heteroaryl, cyloalkyl, heterocycloalkyl; 

R 12 and R l2a are each independently selected from the group consisting of hydrogen, alkyi, cycloalkyL, 
15 aryi, heterocycloalkyl, heteroaryi, acyl, amino-protecting group, carbamoyl, fhiocarbamoyl, SO1R 11 , 
S(0)R n , COR*-R 1$ , COCHR 18 N(NO)R n , COCHR 1 ^ 1 ^ 12 and COC^ l WR ll R lla R nb whereto 
R 11 , R 1U and R nb are defined above, R 13 and R 38 are defined below. Preferably R t2a is hydrogen, 
COCHR 18 NR u R 12 , COCHR l8 N(NO)R u ? COCHR 15 N 4 R u R xu R ub and COCHR 18 R 13 ; 
R 13 is selected from the group consisting of hydrogen, NHR l2 % NR U R 12 , NR u Sug, N*R u R lla R llb P R 15 . 
20 NR u C(R na R nb )COR 15 and group of the formula: 
N-A- N 4 "- A 

wherein A is -CH2-B-CH2- and B is ~(CT2) m -D-(CH 2 ),r> wherein m and r axe from 1 to 4 and D is O, 
S, NR 12 , N*Jt n R llB f wherein Sug is any cyclic or acyclic carbohydrate, R 1! > R 11 * and R X2 are defined 
above; 

25 R 14 is CH*, C=0> CHOH, ONOR 11 , CHNHOR 11 , ONNR n R 12 , C=NNHCONR ll R 12 and 
CHNHNR ll R 12 , wherein R n and R 12 are defined above; 

R 15 is selected from N(R u jNR n *R l2 » N<R u )OR m , NR n C(R Ua R Ub )COR 13 , wherein K l \ R n \ R u \ 
R 12 aad R 13 are defined above; 

R 16 is selected from group of the formula: R-R 5 or CH(NHz)CH20H; 
30 R> 7 is selected from SO3H, SiR n R lu R Hb , SiOR u OR 1,a OR nb , PR u R Ua , P(0)R u R llB , F*R !, R llB R nb 
wherein R n „ R Ua and R ub are defined above; 

R 15 is selected from hydrogen and R l , wherein R 1 is defined above. Preferably R w is CH3, 
CH^CHCCH^K phenyl(p-OH, /»-CQ, phenyl-rhamnoso-p f phenyHrhaninose-galactose)-^, phenyl- 
(galactose-galactose)-/?, phenyl-O-methylrhamnose-j?; 



35 



5/36 



30.Aus. 2002 22:20 +32 16 326515 



Nr. 2724 P- 12/43 



|or a pharmaceutical^ acceptable salt thereof for use in a therapeutic treatment or prophylactic 
treatment of viral infection 

A more preferred embodiment of present invention is the use of compou&cte of the formula I, II and m 
Formula I 





<CH 2 )n \ J 
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m 



m 




wherein: 



b 1 and b 2 each tadependently represents nihil or an additional bond, R° represents nihil when b 2 
represents an additional bond and hydrogen when R q represents nihil, R* represents nihil when b 3 
5 represents an additional bond and hydrogen when b 1 represents nihil, K 6 represents R 6a and R° 
represents hydrogen when b l and b 2 each represents nihil* wherein R 6a is described below. Preferably 
R* represents R* a , R° represents hydrogen and b 1 and b 2 each represents nihil; 

b 3 represents nihil or an additional bond, R* — R 5 * represents a group of the formula: CHN(R ll )CO> 
10 CHN(R l! )(C%)^(R u<l )CO or C^CR'^COCCKb)^^ 11 ^© when b 3 represents an additional bond, 
and R a is R and R 5 * is R 5 when b 3 represents nihil, wherein z is 0, 1,2.3 or4 andR,R 5 , R u andR nB 
are described below. Preferably R* — R 5a represents CHNHCO; 

b 4 represents nihil or an additional bond, R b — R 5b represents a group of the formula: CHN(R n )CO, 
CHN(R n )(CH2)^(R nfl )CO or CMNCR'^COCCIfc^CR 1181 ^ whenb 4 represents an additional bond, 
15 and R b is R andR* is R 5 when b 4 represents nihil, whereinp is 0, 1, 2, 3 or 4 andR, R 5 R 11 and R Ua 
are described below; 

b*, b* and b 7 each independently represents nihil or an additional bond. Y represents oxygen, R 0a 
represents hydrogen and R d represents R or a group of the formula: (CH2) q CON(R n )CH(Ctt20HC) 
(C^ q N(R ls ^CH{CH20H) when b 5 and b 7 represent nihil and b 6 represents an additional bond. R 0a 
20 represents nihil, R d — Y represents a group of the formula: CHN==C(NR u )0 or CHNHCON(R") when 
b 6 represents nihil and b 5 represents an additional bond. Y and R 0a each represents a hydrogen and R d 
represents group of the formula: (C^) q CON(R n )CH(CHiOH) (OHb) q N(R 12 )CH(C]H20H) when b 5 , b* 
and b 7 each represents nihil, wherein q is 0, 1, 2, or 3 and R, R 11 and R 12 are described below; 
nis 0, 1,2 or 3; 

25 X\ X% X?, X 4 , X 5 , X 7 and X 9 are each independenfly selected from hydrogen, halogen and X*, wherein 
X? is defined below. Preferably X 1 * X 2 * X\ X 4 , X s , X 7 and X? are each independently selected from 
hydrogen and CI; 

X? is selected from the group comprising hydrogen, halogen, SOaH, OH, NO, NO2, NHNHa, 
NHN=CHR l \ N=NR n , CHR n R 13 , CHiN(R 3 )R u , R 5 , R n and R 13 , wherein R 3 is CH 2 attached to 
30 phenolic hydroxyl group of the 7 th amino acid, R 5 , R n and R 13 are defined below. Preferably X 6 is 
CH2R 13 ; 

X 8 is selected from hydrogen and methyl; 

R c represents R and R 5c represents R 5 , wherein R and R 5 are defined below; 

R is selected from CHR 13 and R 14 wherein R 13 and R 14 are defined below. Preferably R is CHR 13 ; 
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QR' is selected from hydrogen and R n , wherein R n is defined below. Preferably R 1 is (CHO,CX>OH, 
(CHa^ONR^R 12 , (CH 2 )«COR i3 s (CH 2 )tCOOR 11 , COR 13 , (C3fc)tC>H, (GfiWiCN, (CKfcOtR 1 *, 
(CH2)tSCH3, (CHa^OCHs, (CHifcSCOfcCHk, {CH a )a»henyl(»i-OH, J p-CI) f (CH 2 )<phenyl(o-X 7 » m-OR w , 
i?-X 5 )-[0-phenyI<o-OR^ /w-X s , /m-R ,6 )]-/h, where t is 0, 1, 2, 3 or 4. R, X 7 , X s , X? ate defined above. 
5 R n , R 12 , R l \ R 15 and R 16 ate defined below; 

R and R are each independently selected from hydrogen, R 12 and R 17 , wherein R 12 and R 17 are 
defined below; 

R 3 is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 
Preferably Sug is mannosyl or O-acetylmannosyL R n and R J7 are defined below; 
10 R 5 is selected from COOH, COOR n , COR 13 , COR 15 , CH 2 OH, CHahalogen, OH^R 13 , CHO, 
CH=NOR n , CH«NNR U R 12 and C^NNHCONR 1 1 R 17 , wherein R u , R 1 *, R X3 and R* 5 are defined 



R 68 is selected from OR 12 , OR 17 , OH, O-aDkyl-Sug and O-Sug, wherein Sng is any cyclic or acyclic 
carbohydrate. Preferably Sng is glucosyl, riBtosaminyl, N-acetylglucosammyl, 4-e^vancosaminyl, 3- 

15 ^/-vancosaminji, vancosaminyl, actinosaminyl, glucuronyl, 4-oxovancosaminyl, ureido-4- 
oxovancosaminyl and their derivatives with functional groups snch as for example, amino, carboxy, 
hydroxy and oxo. Typical carbohydrate derivatives comprising NR n R n . N^R'^R 111 *, COOR 11 * 
COR 13 , COR 15 , OR 12 , O-R 17 , C^NOR 11 , CHNHOR 11 , C=NNR n R 12 and 0=NNHCONR ll R ia 
derivatives, wherein R n ,R lla , R nb , R 12 , R 13 , R 15 and R 17 are defined below; 

20 R 7 is selected from hydrogen, R 12 , R 17 , Sng and alkyl-Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is glucosyl, mannosyl, ristosaininyl, N-acylglucosaminyl, N- 
acylghwtaronyl, glucosaminyl, glucuronyl, 4-^i-vancosaniinyl, 3-^p/-vancosarainyl, vancosaminyl, 
actmosaminyl, aeosaminyl, gtucosyl-vancosaminyl, glucosyl-4-^p/-vancosaminyl, glucosyl-3-ejrf- 
vancosaminyl, glucosyl-acosaminyl, glucosyl-ristosaminyl, glnTOSjd-ac^osaminyU glucosyl- 

25 rhamnosyl, glucosyl-olivosyl, glucosyl-maxraosyl, ^iucosyi-4-oxovancosaminyl, glucosyl«ureido-4- 
oxovancosaminyl, gluco8yI(rhaxnnosyl)-mannosyl-arabino5yl, glucosyl-2-O-Leu and their derivatives 
with as functional groups, for example, amino, carboxy, hydroxy and oxo. Typical carbohydrate 
derivatives comprising NR U R 12 , N + R n R lu R ,,b , COOR n , COR 13 , COR 15 , O-R 12 , O-R 17 , ONOR n , 
CHNHOR 11 , ONNR n R 12 and C=NNHCONR u R 12 derivatives, wherein R u , R ll \ R Ub , R 1Z , R 13 , R 15 

30 and R 17 are defined below; 

R 8 is selected from hydrogen, R 1 *, R n , OH, O-aBeyl-Sug and O-Sug, wherein Sug is any cyclic or 
acyclic carbohydrate. Preferably Sug is O-manmosyl, O-galactosyl and O-galactosyi-galactosyl; 
R* is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 
Preferably Sug is galactosyl or galactosyl-galactosyl, R 12 and R 17 are defined below; 



below; 
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Q r 10 is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 
Preferably Sug is martnosyl or fucosyl. R 12 and R n are defined below, 

R n , R 1U and R Ub are each independently selected from the group consisting of hydrogen, alkyl, aryl, 
heteroaryl, cyloalkyl, heterocycloalkyl; 
5 R 12 and R 12a are each independently selected from the group consisting of hydrogen, alkyl, cycloalkyl, 
aryl, heterocycloalkyl, heteroaryl, acyl, amino-protecting group, carbamoyl, thiocarbamoyl, SO2R", 
S(0)R*', COR 13 -R w , COCHR ,? N<NO)R u , COCHR T9 NR n R w and COCHR 18 N t R n R Ua R ,,b J wherein 
R u , R m and R m are defined above, R 13 and R I$ are defined below. Preferably R 12 * is hydrogen, 
COOHR^NR^R 12 , COCHR l8 N(NO)R n , CX)Cm 18 N 4 R n R lla R in ' and COCHR ,8 R 13 ; 
10 R 13 is selected from the group consisting of hydrogen, NHR 12fl , NR n R 12 , NR u Sug, N*R l, R ,ta R m , R ,s , 
NR 1 l C(R' * a R' lb )COR 15 and group of the formula: 
N-A- N*- A 

wherein A is -CHfc-B-CHz- and B is KCH*VD-(CHkV» wherein m and r are from 1 to 4 and D is O, 
S, NR 12 , N 4 R ,1 R 1U , wherein Sug is any cyclic or acyclic carbohydrate, R 11 , R llB and R 12 are defined 
IS above; 

R M is CH 2 , C=0, CHOH, C=NOR n , CHNHOR 11 , ONNR^R 12 , C=NNHCONR u R 12 and 
CHNHNR U R 12 , wherein R 11 and R 12 are defined above; 

R 1S is selected from N(R")NR lla R u , N(R n )OR ,la , NR tl C(R lt *R l,,> )COR» wherein R» R» B , R m , 
R 12 and R 13 are defined above; 
20 R w is selected from group of the formula: R-R 5 or CH(NH 2 )CH20H; 

R' 7 is selected from S0 3 H, SiR u R ,l, R Ub , SiOR x, OR Ua OR nt , PR ll R t,a , PCO^R 11 *, P + R u R l,, R nb . 
wherein R 11 , R 1U and R nb are defined above; 

R 18 is selected from hydrogen and R 1 , wherein R l is defined above. Preferably R 18 is CH3, 
CHaCHiCShh, phenyl(p-OH, m-CI), phenyl-rhanmose-p, pnenyKrhanmose-galactose)-^, phenyl- 
25 (galactose-galactose)-p, phenyl-O-methylrhamnose-p; 

or a pharmaceutically acceptable salt thereof, for Hie preparation of a medicament for preventing or 
treating viral infections. 

30 Each compound of the present invention may be a pure stereoisomer coupled at each of its chiral 
centers or it may be inverted at one or more of its chiral centers. It may be a single stereoisomer or a 
mixture of two or more stereoisomers. If it is a mixture, the ratio may or may not be equimolar. 
Preferably ihe compound is a single stereoisomer. Preferably the stereochemistry of the peptide core of 
Ore compound conteinrag six amino acids (2-7) is 2(A), 3(5), 4(J?), 5(1?), 6(5) and 7(5). 

35 
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i Yet another preferred embodiment of present invention are compounds of the formula I, II and III 



Formula I 



Formula in 



10 



wherein: 





5 Formula n 




R*0 
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^b 1 and b 2 each independently represents nihil or an additional bond, R° represents nihil when b 2 
represents an additional bond and hydrogen when R° represents nihil, R 6 represents nihil when b 1 
represents an additional bond and hydrogen when b 1 represents nihil, R* represents R*" and R° 
represents hydrogen when b l and b 3 each represents nihil, wherein R 6 * is described below. Preferably 

5 R* represents R 6 *, R° represents hydrogen and b 1 and b 2 each represents nihil; 

b 3 represents nihil or an additional bond, R" — R 5a represents a group of the formula; CHN(R n )CO, 
CHNCR^'XCHa^CR 118 ^ or CHN(R n )CO(CH 2 )zNCR n ")CO when b 3 represents an additional bond, 
and R a is R and R s * is R s when b 3 represents nihil, wherein z is 0, 1, 2, 3 or 4 and R, R 5 , R" and R Uo 
10 are described below. Preferably R a — R Sa represents CHNHCO; 

b 4 represents nihil or an additional bond, R b — R 5I> represents a group of die formula: OHCN(R n )CO, 
a^(R")(CH^N(R U *)CO or CHN(R u )CO(CH2)pN(R no )CO when b 4 represents an additional bond, 
and R b is R and R 5 * is R 5 when b 4 represents nihil, wherein p is 0, 1, 2, 3 or 4 and R, R 5 R n and R 1U 
are described below, 

15 b 5 , b* and b 7 each independently represents nihil or an additional bond, Y represents oxygen, R to 
represents hydrogen and R d represents R or a group of die formula: (CH 2 )qCGN(R ,1 )CH(CaEfcOH) 
(CH2) q N(R 12 )CH(CH20H) when b s and b 7 represent nihil and b 6 represents an additional bond. R te 
represents nihil, R d — Y represents a group of the formula: CHN=C(NR u )0 or CHNHCON(R n ) when 
b* represents nihil and b 5 represents an additional bond. Y and R 08 each represents a hydrogen and R d 

20 represents group of the formula: (CH2),CON(R !1 )CH(CH 2 OH) (CH2) q N(R lz )CH(CHaOH) when b s , b* 
and b 7 each represents nihil, wherein q is 0, 1,2, or 3 and R,R U and R w are described below; 
nisO, 1, 2 or 3; 

X 1 , X 2 , X 3 , X 4 , X 5 , X 7 and X 9 are each independently selected from hydrogen, halogen and X 6 , wherein 
X* is defined below. Preferably X 1 , X 2 , X 3 , X 4 , X 5 , X 7 and X s are each independently selected from 
25 hydrogen and CI; 

X? is selected from die group comprising hydrogen, halogen, SO3H, OH, NO, N0 2 » NHNH 2 , 
NHN-CHR 11 , N=*JR n , CHR n R 13 , CEfeNCR^R 11 , R 5 , R u and R 13 , wherein R 3 is CH 2 attached to 
phenolic hydroxyl group of the 7 th amino acid, R 5 , R u and R 13 are defined below. Preferably X s is 
CHjR 13 ; 

30 X 8 is selected from hydrogen and methyl; 

R° represents R and R 5 ° represents R 5 , wherein R and R 5 are defined below; 

R is selected from CHR 13 and R 1 *, wherein R 13 and R 14 are defined below. Preferably R is CHR 13 ; 

R 1 is selected from hydrogen and R n , wherein R 11 is defined below. Preferably R 1 is (CH2),COOH, 

(CH^tCC-NR 1 ^ 12 , (CIWOR 13 , (CH2)tCOOR u , COR 15 , (CHa^OH, (CHtftCN, (CH&R* 3 , 
35 <CH 2 )tSCH3, (CH 2 ) 1 SOCHb, (CHzfcSCOfcCHs, (CH2)<phenyl(m-OH, p-Ct), (CH^tphemylCo-X 7 , m-OR w , 
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-X*HO-phenyl(<*<>R 9 , w-X? , 7w-R I6 )]-ro, where t is 0, 1, 2, 3 or 4. R, X 7 , X 8 , X p are defined above. 
R n , R 12 , R 13 , R 15 and R 16 are defined below; 

R 2 and R 4 are each independently selected from hydrogen, R 12 and R 17 , wherein R 12 and R 17 arc 
defined below; 

5 R 3 is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 
Preferably Sng is mannosyl or O-acetylmannosyL R 12 and R 17 are defined below; 
R 5 is selected from COOH, COOR n , COR u , COR 15 , CflfcOH, CHahalogen, CH2R 13 , CHO, 
CH=NOR ai , CH=NNR ll R 12 and 0=NNHCONR u R u , wherein R u , R 12 , R 13 and R 15 are defined 
below; 

10 R 6 * is selected from OR 12 OR 17 , OH, O-alJkyl-Sug and O-Sug, wherein Sng is any cyclic or acyclic 
carbohydrate. Preferably Sng is glucosyl, ristosaminyl, N-acertylgJucosamixjLylj 4-epi-vancosaminyl, 3- 
^pi-vancosarninyl, vancosaxninyl, actuiosaminyl, glucuronyl, 4^xov&ncosamfoxyl, nrddO-4- 
oxovancosaminyl and their derivatives with functional groups such as, for example, amino, carboxy, 
hydroxy and oxo. Typical carbohydrate derivatives comprising NR U R U , N rt R u R nB R nb , COOR u , 

15 COR 13 , COR 15 , O-R 12 , O-R 17 , C=NOR 11 , CHNHOR 11 , ONNR l, R 12 and C=NNHCONR ll R 12 
derivatives, wherein R u , R Ua , R nb , R 12 , R 13 , R 15 and R 17 are defined below; 

R 7 is selected from hydrogen, R 12 , R 17 , Sug and alkyl-Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is glucosyl, mannosyl, ristosaminyl, N~acylglucosaminyl, N- 
acylglucuronyl, glucosaminyl, glucuronyl, 4-e/u-vancosaminyl, 3-e/w-vancosamittyl, vancosamittyl, 

20 actinosaminyU acosaminyl, glucosyl-vancosaminyl, glucosyi-4-g?i-vancosamiiiyl ? glwosyl-3-^p^ 
vancosarainyl, glucosyl-acosaminyl, glucosyl-ristosanrinyl, glucosyl-actinosaminyl, glucosyl- 
rhamnosyl, giucosyl-olivosyl, glucosyl-mannosyl, glucosyl-4-oxovancosaminyl, glucosyl-ureido-4- 
oxovancosaminyl, glucosyl(rhanrno5^)-mannosyi-arabinosyl, glucosyl-2-O-Leu and their derivatives 
with as fractional groups, for example, amino, carboxy, hydroxy and oxo. Typical carbohydrate 

25 derivatives comprising NR U R W 9 H*R lI R na R m , COOR 11 , COR 13 , COR 15 , O-R 12 , O-R 17 , 0=NOR n , 
CHNHOR u , ONNR 1 ^ 12 and CHNNHCONR u R 12 derivatives, wherein R 11 , R lla , R llb , R 12 , R 13 , R ,s 
and R 17 are defined below; 

R 8 is selected from hydrogen, R 12 , R* 7 , OH, O-alkyl-Sug and O-Sug, wherein Sug is any cyclic or 
acyclic carbohydrate. Preferably Sug is O-mannosyl, O-galactosyl and O-gaLactosyl-galactosyl; 
30 R 9 is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 
Preferably Sug is galactosyl or galactosyl-galactosyl. R 12 and R 17 are defined below, 
R w is selected from hydrogen, R w , R 17 or Sng, wherein Sug is any cyclic or acyclic carbohydrate. 
Preferably Sug is mannosyl or fiacosyL R 12 and R* 7 are defined below; 

R U i R n * and R u * arc each independently selected from the group consisting of hydrogen, alkyl, aryl, 
35 heteroaryl, cyloalkyl, heterocycloaUcyl; 
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^R iZ and R 12a are each independently selected from the group consisting of hydrogen, alkyl, cycloaUbyl, 
aryl, heterocycloalkyl, heteroaryl, acyl, ainino-protecting group, carbamoyl, thiocarbamoyl, SO2R 11 , 
S(0)R u , COR 13 -R M , COCHR 18 N(NO)R u , COCHR 18 NR n R ia and COCHR 18 N 4 R ,l R ,u R u * wherein 
R 11 , R lu and R m are defined above, R 13 and R ,s are defined below. Preferably R 12a is hydrogen, 

5 COCHR 18 NR n R 12 , COCHR ,8 N(NOJR 11 , COCHR 18 N*R n R na R m and COCHR l? R x3 ; 

R 13 is selected from the group consisting of hydrogen, NHR 17a , NR ll R 12 , NR ll Sug, N*R u R 1Ia R ub , R 1S , 
NR u C(R lu R ub )COR w and group of the formula; 
N-A- N*"- A 

wherein A is -CH 2 -B-CH 2 - and B is -(CHaVD-CCHjV, wherein m and r are from I to 4 and D is O, 
10 S, NR 12 , N^R 11 *, wherein Sug is any cyclic or acyclic carbohydrate, R J \ R n * and R 12 are defined 
above; 

R 14 fa CH 2 , OO, CHOH, ONOR 11 , CHNHOR 11 , ONNR u R u , C=NNHCONR n R 12 and 
CHNHNR ll R 12 , wherein R u and R w are defined above; 

R 15 is selected from N(R 11 )NR lla R 12 ) N(R u )OR lu , NR^C^R^^^COR 13 , wherein R» R»», R llb , 
15 R ,2 andR 13 are defined above; 

R 16 is selected from group of me fonnula: R-R 5 or CH(NH 2 )CH 2 OH; 

R" is selected from S0 3 H, SiR lt R u "R 1 »\ SiOR^OR'W 1 ', PR n R u ", P(0)R n R ,u , P + R»R lu R ,,b , 
wherein R n , R 1 19 and R ub are defined above; 

R 18 is selected from hydrogen and R 1 , wherein R 1 is defined above. Preferably R 18 is CH 3= 
20 CH2CH(CH 3 ) 2 , pheny«>OH, m-CL% phenyl-ihamnose-^, phenyl-(rhamnose-galactose)-p t phenyl- 
(galactose-galactose)-/?, phenyl-O^ethylrhamnose-p; 

or a pharmaceutically acceptable salt thereof, for use in a treatment or preventive treatment of HTV 
infection, or of AIDS or of AIDS related complex. 

25 



Yet another preferred embodiment of present invention is the use of compounds Of the fonttula I, H 
andm 

30 
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b 1 and b 2 each independently represents nihil or an additional bond, R° represents nihil when b 2 
10 represents an additional bond and hydrogen when R° represents nihil, R 6 represents nihil when b 1 
represents an additional bond and hydrogen when b x represents nihil. R* represents R* B and R° 



14/36 



30. Aug. 2002 22:23 




6 326515 



Nr. 2724 P. 21/43 
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^ represents hydrogen when b l and b a each represents nihil, wherein R 6 * is described below. Preferably 
R 6 represents R*% R° represents hydrogen and b 1 and b 2 each represents nihil; 

b 3 represents nihil or an additional bond, R" — R 5 * represents a group of the formula: CHN(R n )CO, 
5 <aiN(R u )(CH 2 )xN(R u *)CO or CHNCR'^CXDCCHa^CR 1 '^^ when b 3 represents an additional bond, 
and R" is R and R 5ft is R 5 when b 3 represents nihil, wherein z is 0, 1, 2, 3 or 4 and R, R 5 , R !1 and R 1U 
ate described below. Preferably R a — R 5a represents CHNHCO; 

b 4 represents nihil or an additional bond, R b — R 5 * represents a group of the formula: CHN(R n )CO. 
CHNCR'^C^^CR 11 ^ 0 or CHNCR'^COCCH^pNCR 116 )^ when b 4 represents an additional bond, 
10 and R b is R and R 5 " is R 5 when b 4 represents nihil, wherein pis 0, 1,2, 3 or 4 andR,R 5 K n andR m 
are described below; 

b 5 , b 6 and b 7 each independently represents nihil or an additional bond. Y represents oxygen, R to 
represents hydrogen and R d represents R or a group of the formula: (CH2) q CON(R 3 ^CEKCH^OH) 
(CHz).,N (R 1 2 ) CH(CH 2 OH) when b s and b 7 represent nihil and b 6 represents an additional bond. R 0 " 
15 represents nihil, R 4 — Y represents a group of the formula: CHN~C(NR u )0 or CHNHCON(R u ) when 
b* represents nihil and b 5 represents an additional bond. Y and R 0a each represents a hydrogen and R d 
represents group of the formula: (CH2) Q CON(R n )Ctt(CH 2 OH) (CH2)^(R 12 )CH(CH 2 OH) when b 5 , b 6 
and b 7 each represents nihil, wherein q is 0, 1, 2, or 3 and R, R u and R J2 are described below; 
n is 0,1, 2 or 3; 

20 X 1 , X 2 , X 3 , X 4 , X 5 , X 7 and X 9 are each independently selected from hydrogen, halogen and X 6 , wherein 
X* is denned below. Preferably X 1 , X 2 , X J , X 4 , X s , X 7 and X 9 are each independently selected from 
hydrogen and CI; 

X? is selected from the group comprising hydrogen, halogen, SO3H, OH, NO, N0 2 , NHNKfe, 
NHN=CHR", N«NR n , CHR U R 13 , CHjNOR^R 11 , R 5 , R 11 and R 13 , wherein R 3 is CH 2 attached to 
25 phenolic hydroxyl group of the 7* amino acid, R 5 , R u and R 13 are defined below. Preferably X 6 is 
CHzR u ; 

X 8 is selected from hydrogen and methyl; 

R" represents R and R 5 ° represents R 5 , wherein R and R 5 are defined below; 
R is selected from CHR 13 and R 14 , wherein R 13 and R M are defined below. Preferably R is CHR 13 ; 
30 R l is selected from hydrogen and R tl , wherein R n is defined below. Preferably R 1 is (CH 2 )«COOH, 
(CH 2 )iCONR n R t2 . (CH 2 ) t COR* 3 , (CH 2 )«COOR u , COR 1 *, (CH 2 ) t OH, (ClfcXCN, (CH^R 13 , 
(CHd.SCHa, (CH 2 )tSOCH 3 , <CH 2 >tS(0) 2 CH 3 , (C^)a>henyl(m-OH, p-CI), (CH 2 ),phenyl(o-X 7 ro-OR 10 , 
i>X s HO-phenyl(o-OR 9 , m-X* w-R ,6 )]-/«, where t is 0, 1, 2, 3 or 4. R, X 7 , X* X* are defined above. 
R n , R 12 , R 13 , R w and R w are defined below, 
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and R 4 are each independently selected from hydrogen, R 12 and R 17 , wherein R 12 and R 17 are 
defined below; 

R 3 is selected from hydrogen, R ! \ R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 
Preferably Sug is mannosyl or Oacetylmannosyl. R w and R n are defined below; 
5 R 5 is selected from COOH, COOR u , COR 13 , COR 1 *, CHaOH, CH^halogen, CH?R t3 , CHO, 
OHHNOR 11 , CH=NNR U R 12 and ONNHCONR n R 12 , wherein R n , R 12 , R t3 and R 15 are defined 
below; 

R** is selected from OR 1 *, OR 17 , OH, O-alkyl-Sug and O-Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is glucosyl, ristosaminyl, N-acetylglucosaminyl, 4-epi-vancosaminyL, 3- 

10 ejrf~vancosaminyl, vancosaminyl, actinosaminyl, glucurtmyl, 4-oxovancosaminyl, ureido-4- 
oxovancosanunyl and their derivatives with functional groups such as, for example, amino, carboxy, 
hydroxy and oxo. Typical carbohydrate derivatives comprising NR n R 12 , N*R ll R lt "R nb , COOR u „ 
COR 13 , COR* O-R 12 , O-R 17 , C-NOR 11 , CHNHOR 11 , C=NNR n R 12 and C=NNHCONR ll R 12 
derivatives, wherein R ll f R Ua , R Ub , R 12 , R 13 , R 15 and R 17 are defined below; 

15 R 7 is selected from hydrogen, R 12 , R l7 9 Sug and alky 1-Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is glucosyl, mannosyl, ristosaminyl, N-acylglucosaminyl, N- 
acylglucuronyl, glucosaminyl, glucuronyl, 4-&j?/-vancosanunyl, 3-€pf-vancosaininyl f vancosaminyl, 
actinosaminyl, acosaminyl, glucosyl-vancosaniinyl, glucosyl-4-^p/-vancosaminyl, glucosy 1-3 -epi- 
vancosaminyl, glucosyl-acosaminyU glucosyl-ristosaminyl, ^ucosyl-actinosaimnyl, glucosyl- 

20 ihamnosyi, glucosyl-olivosyi, glucosyl-maimosyl, glucosyl-4-oxovancosaminyl, ghicosyl-ureido-4- 
oxovantosaminyl, glucosyl(xhanmosyl)-inannosyl-arabinosyl 9 glucosyl-2-O-Leu and their derivatives 
with functional groups such as, for example, amino, carboxy, hydroxy and oxo« Typical carbohydrate 
derivatives comprising NR 1 ^ 12 N*R u R m R nb , COOR 11 , COR 13 , COR 15 , O-R 12 * 0-R i7 , ONOR 11 , 
CHNHOR 11 , C-NNR 1 ^ 12 and C=NNHCONR n R 12 derivatives, wherein R n , R ll \ R llb R u , R 13 , R 15 

25 and R 17 are defined below; 

R* is selected from hydrogen, R 12 , R 17 , OH, O-alkyl-Sug and O-Sug, wherein Sug is any cyclic or 
acyclic carbohydrate. Prejferabiy Sug is O-mannosyi, O-galactosyl and O-galactosyl-galactosyl; 
R 9 is selected from hydrogen. R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 
Preferably Sug is galactosyl or galactosyl-galactosyl. R 1 * and R 17 are defined below; 

30 R xo is selected from hydrogen, R 12 , R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 
Preferably Sug is mannosyl or fucosyl, R 12 and R 17 are defined below; 

R u , R lla and R llb are each independently selected from the group consisting of hydrogen, alkyl, aryl, 
heteroaryl, cyloalkyl, heterocycloalkyl; 

R 12 and R 12b are each independently selected from the group consisting of hydrogen, alkyl, cycloalkyl, 
35 aryl, heterocycloalkyl, heteroaryl, acyl, amino-protectang group, carbamoyl, thiocacbamoyl, SO2R 11 , 
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R u , R UB and R nb are defined above, R" and R 18 are defined below. Preferably R 12 * is hydrogen, 
COCHR ia NR"R lJ , COCHR l8 N(NO)R n , CX)CHR l8 ^I 4 R ^, R n,, R ^1, and COCHR l8 R 13 ; 
R 13 is selected from the group consisting of hydrogen, NHR 128 , T^R 12 , NR n Sug, r^R 1 , R. lta R u * R 15 , 
5 NR ll CXR lla R 1,b )COR IS and group of toe formula: 
N-A- N 4 "- A 

wherein A is -CHa-B-CHj- and B is -(CH 2 VIMCH2)r, wherein m and r are from 1 to 4 and D is O, 
S, NR U , N*R M R lta , wherein Sug is any cyclic or acyclic carbohydrate, R u , R n * and R 12 are defined 



10 R 14 is Ofc, C=0, CHOH, C=NOR", CHNHOR 11 , C=NNR u R 12 , ONNHCONR u R 12 and 
CHNHNR n R 12 , wherein R u and R 12 are defined above; 

R 15 is selected from NCR ll )NR 1,B R 12 , N(R n )OR lla , NR n C(R llB R n,> )COR ,3 T wherein R 11 , R lu , R ,lb , 
R 12 and R 13 are defined above; 

R 16 is selected from group of the formula: R-R 5 , CH(NH 2 )CH 2 OH orCH; 
15 R 17 is selected from SO3H, SiR u R lu R llb , SiOR I1 OR ,u OR llb , PR n R Ua , P(0)R ,l R ll % P + R u R u *R ,,b 
wherein R J \ R ,lB and R Ub are defined above; 

R 18 is selected from hydrogen and R 1 , wherein R 1 is defined above. Preferably R 1B is CH 3j 
CH 2 CH(CH3)2, phenyl(p-OH, m-CI), phenykmamnose-p, phenyHrhamnose-galactose)-/?, phenyl- 
(galactose-galactose)-^, phenyl-O-meroyhhamnose-p; 



for the preparation of a medicament for preventing infection of HTV, or treating infection by HIV or 



Each compound of the present invention may be a pure stereoisomer coupled at each of its chiral 
25 centere or it may be inverted at one or more of its chiral centers. It may be a single stereoisomer or a 
mixture of two or more stereoisomers. If it is a mixture the ratio may or may not be equimolar. 
Preferably the compound is a single stereoisomer. Preferably the stereochemistry of the peptide core of 
the compound containing six amino acids (2-7) is 2(jR), 3(iS), 4(R). 5(/t), 6(3) and 7(S). 

30 The above mentioned compounds may be engineered to be inactive antibacterials at therapeutically 
effective antiviral doses and it also has been demonstrated by this invention that they can be 
engineered to have no mammalian cell toxicity at therapeutically effective antiviral doses. Yet another 
preferred embodiment of present invention includes thus the use in a prophylactic treatment or 
therapeutic treatment or the use to manufacture a medicament to treat therapeutically or prophylacticly 

35 a viral infection with vancomycin derivatives, eremomycin dervatives, eremomycin aglycon 



above; 



20 



for treating AIDS or AIDS related complex. 
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^derivatives, Des-(N-metftyl -Meucyl)-eimycin aglycpn* DMDA40, DA40, DA40 derivatives, 
DMDA40 derivatives, teicopianin aglycon derivatives, modified products of teicopianin aglycon 
degradation or other structurally related glycopeptide antibiotics, The compounds are selected for 
antiviral activity and low mammalian cell toxicity and may be eventually selected as additional 

5 property antibacterial inactivity in antiviral activity assays such as the anti-HIV assays of present 
invention, a cytostatic activity assay of the state of the art or the cytostatic activity assay on the 
mammalian cell lines (L1210, Molt4/C8 or CEM) of present invention and additional antibacterial 
assays of the state of the art » 

10 The compounds of the present invention for use an a prophylactic treatment or therapeutic treatment or 
the use to manufacture a medicament to treat therapeutically or prophylactically a viral infection, and 
preferably a retroviral infection and yet more preferably a HIV infection can be selected from the 
group of compounds 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21 and 22 of the 
examples of this application. 

15 



DESCRIPTION 

Definitions 

As used herein, the term "halogen" refers to CI, Br, I, F. 

20 The term "aftyP refers to straight or branched, substituted or unsubstftuted* saturated or unsaturated 
CjrCa* hydrocajtbon chains without or with suitable heteroatoms. The number and position of 
unsaturated bonds and heteroatoms may be varied. Any heteroaoms may be the same or different and 
can, for example, be O, N, S or B. The nature, number and position of substituents may be varied Any 
substituents may be the same or different and can, for example, be halogen, SH, OH, COOH, NO2. 

25 NH2, NHC(NH 2 )=NH, CHCNH 2 )=NH, NHOH, NHNH*, N3, NO, CN, N— NR U , N=NR 12 , SOR*\ 
SOiR n , B(OH>2, B(OR u ) 2 , CO, CHO, O-Sug, NR n -Sug, R 11 , R 12 , R 17 and R 18 , wherein R 11 , R 1 *, R 17 
and R 1 * are described as above and Sug is any cyclic or acyclic carbohydrate. Any substituents may 
themselves be substituted. The position, and number of any substituents may be varied. 



30 The term "cyclosdkyl", as used herein, refers to saturated or unsaturated, substituted or unsubstituted 
monocyclic, bicyclic, tricyclic and macro cyclic C2-Q24 hydrocarbon chains* The nature, number and 
position of substituents may be varied. Any substituents may bo the same or different and can, for 
example, be halogen, SH, OH, COOH, N0 2 , NH?, NHC(NH 3 )=NH, CH(NH 2 )=NH f NHOH, NHNB& 
N 3 , NO, CN, N=NR n , N^NR 12 , SOR n , SOjR**, B(OH) 2 , B(OR u fc, CO, CHO, O-Sug, NR U -Sug, R ll p 

35 R 12 , R 17 and R 18 , wherein R 11 , R 12 , R 17 and R 18 are described as above and Sug is any cyclic or 
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acyclic carbohydrate. Any substituents may themselves be substituted. The position, and number of 
any substituents may be varied. Typical cycloalkyls include cyclopropyl, cyclobutyl, cyclopentenyl, 
cyclopentyL, cyclohexyl, cyclohexenyt, cycloheptyl, cyclododecyl, Wcyleopefttyl, bicyclohexyl, 
bicycloheptyl, adainantyl, bomyl, norbornyl and the like. 



The term "heterocycloalkyl", as used herein, refers to saturated or unsaturated, substituted or 
unsubstituted monocyclic* bicyclic, tricyclic and macrocytic C2-C24 hydrocarbon chains with suitable 
heteroatoms selected from S, O, N ot B. The nature, number and position of substituents may be 
varied. Any substituents may be the same or different and can, for example, be halogen, SH, OH, 
10 COOH, NO2, NH2, NHC(NH 2 )=NH, CH(NH 2 )«NH, NHOH, NHNH2, Ns, NO, CN, N=NR H , N=NR* 2 , 
SOR u , SCfeR 11 , B(OH>2, B(OR ,l )i, CO, CHO, O-Sug, NR U -Sug ? R u , R**, R 17 and R 1 *, wherein R n , 
R 12 , R 17 and R 18 are described as above and Sug is any cyclic or acyclic carbohydrate. Any 
substituents may themselves be substituted. The position, and number of any substituents may be 
varied Typical heterocycloalkyts include piperazanyl, piperidinyl, morpholinyl, quinuclidinyl, 
15 boxabicyclononyl, crown ethers, azacrowns, thiacrowns and the like. 

The term "aryr, as used herein* refers to a stable, saturated or unsaturated, substituted or 
unsubstituted, C 6 membered organic monocyclic ring; a stable, saturated or unsaturated, substituted or 
unsubstituted, C 9 -C w membered organic fused bicyclic ring; a stable, saturated or unsaturated, 

20 substituted or unsubstituted, C]a-Ci4 membered organic fused tricyclic ring*, or a stable, saturated or 
unsaturated, substituted or unsubstituted, CVCjie membered organic fused tetracyclic ring. Preferably 
the aryl is substituted by one or more moieties independently selected from the group comprising 
hydrogen, halogen, SH, OH, COOH, NO2, NH 2 , NHC(NH 2 )=NH, CH(NHi)==NH, NHOH, NHNH*, 
N* NO, CN, N=NR U , N-NR 17 , SOR u , SOaR 11 , B(OH) 2 , B(OR u ) 2 , CO, CHO, O-Sug, NR U -Sug, R u , 

25 R 12 , R 17 and R 18 , wherein R 11 , R 12 > R 17 and R 1 * are described as above and Sug is any cyctic or 
aoyclio carbohydrate. Any substituents may themselves be substituted. The position, and number of 
any substituents may be varied. Typical aryls include phenyl, biphenyi, triphenyl, naphtyl, fluorenyi, 
phenantfarenyl and the like. 

30 The term "heteroaryl", as used herein, refers to a stable, saturated or unsaturated, substituted or 
unsubstituted, C4-C7 membered organic monocyclic ring having aheteroatom selected from S„ O, and 
N; a stable, saturated or unsaturated, substituted or unsubstituted, C9-C10 membered organic fused 
bicyclic ring having one or more heteroatoms selected from S, O, and N; or a stable, saturated or 
unsaturated, substituted or unsubstituted, G2-C14 membered organic flised tricyclic ring having one or 

35 more heteroatoms selected from S, O, and N, The nitrogen and sulfur atoms of these rings are 




5 
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^ optionally oxidized, and the nitrogen heteroatoms are optionally quartemized. Preferably Hie aryl is 
substituted by one or more moieties independently selected from the group comprising hydrogen* 
halogen, SH, OH, COOH, NO* NHa> NHC(NH 2 )=NH, CHCNKb^NH, NHOH, NHNH^ N 3 , NO, CN, 
N~NR U , N=NR 12 , SOR ! \ S02R H , B(OH) 2 , B(OR ,l ) 2 , CO, CHO, O-Sug, NR U -Sug, R u , R 12 , R 17 and 

5 R 18 , wherein R 11 , R n , R 17 and R 18 are described as above and Sug is any cyclic or acyclic 
carbohydrate. Any substituents may themselves be substituted. The position, and number of any 
substituents may be varied Typical heteroaryls include indolyl, quinolyl, piperidyl, thienyl, piperonyl, 
oxafluorenyl, pyridyl and benzothienyl and the like* 

10 The term "acyl", as used herein, refers to group of the formula: -COR 11 , -COOR 11 or-CSR 11 wherein 
K } 1 is described above. 

The term "carbamoyl" as used herein, refers to group of the formula: ~CONR n R* u or — CONHR 1 * 
wherein R u , R 1 Ia and R 12 are described above. 

15 

The tenn "thiocarbamoyl" refers to group of the formula: -CSNHR 12 or -C^(SR n )MIR 12 , wherein 
R u and R 12 are described above. 

The teim "amino-protecting group" refers to those groups known in the art to be suitable forprotecftjg 
the amino group during the acylation reaction. Such groups are well recognized, and selecting a 
20 suitable group for this purpose will be apparent The tert-butoxycarbcaxyl (Boc), 
adamantyloxycarbonyl (Adoc), fluorenylmethoxycarbonyl (Fmoc) and carbobenzoxycarbojjyl (Cbs) 
groups are examples of suitable amino-protecting groups. 

The tern "carbohydrate" refers to any cyclic or acyclic carbohydrate. 

25 

Illustrative embodiments of fixe invention 



The terminology used herein is not intended to limit the scope of the present invention but for the 
purpose of describing particular embodiments. This invention is not limited to the particular 
30 methodology, protocols and reagents described as these may vary. 



The present invention includes a class of natural glycopeptide antibiotics and (heir derivatives ajjd a 
class of compounds with structural similarity to said natural glycopeptide antibiotics which possess 
antiviral activity such as the anti-retroviral activity of presented examples. The invention also includes 
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^ derivatives of glycopeptide antibiotics, which have been structurally engineered or modified to 
" decrease or remove completely or partially the antibacterial activity while still comprising antiviral 
activity. The glycopeptide antibiotics are well known as powerful antibacterial agents against a wide 
variety of gr^-positive bacteria and until now there is no data available about anti-viral, antt- 

5 retroviral or antd-HIV activity of such compounds. Several natural peptide antibiotics such as 
complestatins and chloropeptins with activity against HEV-1 (K. Matsuzara, H. et al J Antibiotics 
1994. V,47, N,10, p. I 173-1 174) and kistamycins with activity against influenza virus (N. Naruse, O, et 
al J. Antibiotics 1993, V.46, N.12, p.1812-1818) have been described. However the structures of these 
hexa- or heptapeptide antibiotics and the structures of glycopeptide antibiotics and of the aglycons of 

10 glycopeptide antibiotics have serious differences in both amino acid sequence and stereochemistry* All 
kystamycilis, complestatin and chloropeptins contain a tryptophan moiety linked to central amino acid 
No 4, whereas it is represented by a substituted phenylalanine moiety in vancomycin, eremomycin* 
chloreremomycin, teicoplanin, DA-40926 and other antibacterial glycqpeptides. 

15 The present invention thus includes the use of selected compounds of the general formula I, II and III 
as an antiviral or to manufacture medicaments to treat or prevent antiviral infection, more preferably as 
a retroviral and more preferably as an anti-HTV and most preferably as an anti-HIV-1 or anti-HIV-2 
compound* Such compounds can be natural glycopeptide antibiotics, with structures as for instance 
disclosed in KC.NicOlaou, C.N.C. et aL Chem. Int. Ed., 1999, V.38, p.2096~2152 and B.Cavaileri & 

20 FJPajrenti. Encyclopedia of Chemical Technology, 1992, V.2, p.995-101 8. 

The present invention, however, also provides new synthetic, semisynthetic or biosynthetic derivatives 
of natural glycopeptide antibiotics of the general formula I, II and HI. These new compounds can be 
engineered to be inactive as antibacterials at therapeutic antiviral doses. 

25 In a further preferred embodiment of present invention these antiviral compounds can be compounds 
of the formula I, II and III or salts thereof, wherein: 

b* and b 2 each independently represent* nihil or an additional bond, R° represents nihil when \? 
represents an additional band and hydrogen when R q represents nihil, R 6 represents nihil when b 1 
represents an additional bond and hydrogen when b l represents nihil, R 6 represents R 6ft and R° 
30 represents hydrogen when b ! and b 2 each represents nihil, wherein R 6 * is described below. Preferably 
R 6 represents R 6 \ R° represents hydrogen and b 1 and b 2 each represents nihil; 
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Formula II 




b 3 represents nihil or an additional bond, RV- R 5 * represents a group of the formula: CHN(R n )CO, 
10 CHN(R n )(CH2) 2 N(R ,u )CO or CHN(R u )CO(CH2) a NCR u *)CO when b 3 represents an additional bond, 
and R* is R and R 5a is R 5 when b 3 represents nihil, wherein z is 0, 1, 2, 3 or 4 and R* R 5 , R n and R lla 
are described below. Preferably R ft ~R 5a represents CHNHCO; 
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Qb 4 represents nihil or an additional bond, R* — R 3 * represents a group of the formula: CHN(R u )CO, 
CHN^'XCHa^NCR'^CX) or C^(R l, )CX>(CHiy<tCR Us )CO when b 4 represents an additional bond, 
and R* is R and R* is R 5 when b 4 represents nihil, wherein p is 0, 1, 2, 3 or 4 and R, R s R 11 and R Ua 
are described below; 

5 b 5 , b 6 and b 7 each independently represents nihil or an additional bond. Y represents oxygen, R 0 " 
represents hydrogen and R d represents R or a group of the formula: <CH 2 ),CON(Jl ,1 )CH<CH20H) 
(CH^ lj[ N(R ,2 )Cai(CH20H) when b 5 and b 7 represent nihil and b 6 represents an additional bond. R°" 
represents nihil, R d — Y represents a group of the formula: CHN=C(NR l, )0 or CHNHCON(R n ) when 
b* represents nihil and b s represents an additional bond. Y and R 0 * each represents a hydrogen and R d 

10 represents group of Ihe formula: <ra2),CON<R u )CH(C^OH) (CH 2 \N(R ,2 )CM(akOH) when b 3 , b 6 
and b 7 each represents nihil, wherein q is 0, 1 , 2, or 3 and R, R n and R ,z are described below; 
nisO, 1,2 or 3; 

X 1 , X 2 , X 3 , X*, X s , X 7 and X 9 are each independently selected ftom hydrogen, halogen and X 6 , wherein 
X 6 is defined below. Preferably X 1 , X 2 , X 3 , X 4 , X 5 , X 7 and X 9 are eaoh independently selected from 
15 hydrogen and CI; 

X 6 is selected from the group comprising hydrogen, halogen, SO3H, OH, NO, NOz, MHNHa, 
NHN=CHR U , N=NR U , CHR U R 13 , OffeNCR^R 11 , R 5 » *" and R 13 , wherein R 3 is CH 2 attached to 
phenolic hydroxyl group of the 7* amino acid, R 5 ,.R 11 and R 13 are defined below. Preferably X* is 
CHzR 13 ; 

20 X 8 is selected from hydrogen and methyl; 

R" represents R and R 50 represents R 3 , wherein R and R 5 are defined below; 

R is selected from CHR 13 and R 14 , wherein R 13 and R 14 are defined below. Preferably R is CHR 13 ; 

R 1 is selected from hydrogen and R u , wherein R 1 ' is defined below. Preferably R l is (CH^COOH, 

(CH^tCONR^R 12 , (CH 3 ),COR 13 , (CHa>COOR n , COR ls , (CH 2 ) t OH, (CH 2 ),CN, (CH 2 ) I R ,3 S 
25 (CH2)tSCH3, (CHz)iSOCH3, (CH 2 )«S(0)2CH3, (CH2)a»henyl(«-OH, p-CT), (CHa)tphenyl<0-X 7 , ro-OR 10 , 

p-X'HO-phenyKo-OR 9 , >w-X* m-R 16 ))-m, where t is 0, 1, 2, 3 or 4. R, X 7 , X 8 , X 9 are defined above. 

R", R 12 , R", R 15 and R w are defined below; 

R 2 and R 4 are each independently selected from hydrogen, R B and R 17 , wherein R 12 and R 17 are 
defined below; 

30 R 3 is selected from hydrogen, R w , R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 
Preferably Sug is mannosyl or O-acetylmannosyL R 12 and R 17 axe defined below, 
R 5 is selected from COOH, COOR 11 , COR 13 , COR 15 , CH 2 OH, CH2halogen, CHjR 13 , CHO, 
CH=NOR 11 , CH=NNR 1, R 12 and C=NNHCONR n R 12 , wherein R n , R 12 , R 13 and R 1S are defined 



below; 
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^R 6 * is selected from OR* 3 , OR 17 , OH, O-alkyl-Sug and O-Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is glucosyl, ristosaminyi, N^etylglucosaminyl, 4-^pi-vancosaminyl, 3- 
epi-vancosaminyl, vancosaminyl, actinosaminyl^ glucuronyl, 4-oxovancosaminyl, ureido-4- 
oxovaiicosarainyl and their derivatives with functional groups such as, for example, amino, carboxy, 

5 hydroxy and am Typical carbohydrate derivatives comprising NR U R 12 , nW 1 ^"* COOR 11 , 
COR 19 , COR 15 , O-R 12 , O-R 17 , C=NOR u , CHNHOR 11 , ONNR n R u and 0=NNHCONR n R w 
derivatives, wherein R n , R Ua , R Ub , R* 2 , R 13 , R* 5 and R 17 are defined below; 

R 7 is selected from hydrogen, R 12 , R 17 , Sug and alkyl-Sug, wherein Sug is any cyclic or acyclic 
carbohydrate. Preferably Sug is glucosyl, mannosyi, ristosaminyl, N-acylglucosaminyi, N- 

10 acylglucuronyl, glucosaminyl, glucuronyl, 4-crpi-vancosanrinyl, 3-^pi-vancosaminyl, vancosaminyl, 
actinosaminyl, acosaminyL, glucosyl-vancosaminyi, giucosyl^^f-vsneosamhiyl, ghicosyl-3-^p^ 
vancosairinyl, glucosyl-acosaminyU glucosyl-ristosaxninyl, glucosyl-actinosaminyl, glucosyl- 
rhamnosyl, glucosyl-olivosyi, glucosyl-maiuiosyl, glucosyl^oxov^cosaminyl, gIuCOSyl-ureido-4- 
oxoYancosaniinyl, glucosy^rhanmosyQ-maimosyl-arabinosyll, glucosyl-2-O-Leu and their derivatives 

IS with as flinctional groups, for example, amino, carboxy, hydroxy and oxo. Typical carbohydrate 
derivatives comprising NR U R 12 , N*R u R n *R m , COOR u , COR 13 , COR 1 *, O-R 12 , O-R 17 , 0=NOR u , 
CHNHOR 11 , 0=NNR ll R u and C=NNHCONR n R 12 derivatives, wherein R u , R lu , R nb , R 12 , R* R 15 
and R* 7 are defined below; 

R 8 is selected from hydrogen, R l \ R 17 , OH, O-alkyl-Sug and O-Sug, wherein Sug is any cyclic or 
20 acyclic carbohydrate. Preferably Sug is O-mannosyl, O-galactosyl and O-galactosyl-gaiactosyl; 

R 9 is selected from hydrogen, K } \ R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 

Preferably Sug is galactosyl or galactosyl-galactosyl. R 12 and R 17 are defined below; 

R 10 is selected from hydrogen, R n , R 17 or Sug, wherein Sug is any cyclic or acyclic carbohydrate. 

Preferably Sug is mannosyl or fucosyl. R 12 and R ,? are defined below; 
25 R u , R Ua and R llb are each independently selected from the group consisting of hydrogen, alkyl, aryl, 

heteroaryl, cyloalkyi, heterocycloalkyi; 

R 12 and R 12 * axe each independently selected from the group consisting of hydrogen, alkyl, cycloaJJkyl, 
aryl, heterocycloalkyl, heteroaryl, acyl, amino-protecting group, carbamoyl, thiocarbamoyl, S0 2 R n , 
S(0)R u , COR 13 -R w , COCHR l5 N(NO)R n , COCHR 1 ^ 1 ^ 12 and COCHR 1 *N 4 R u R Ul R nb , wherein 
30 R 11 , R lla and R Ub are defined above, R 13 and R 18 ate defined below. Preferably R 12 * is hydrogen, 
COCHR 1 *^ 1 ^ 12 , COCm. 1B N(NO)R u , COCHR 1 VR l W lb and COCHR 18 R 13 ; 

R 13 is selected from the group consisting of hydrogen, NHR 12a , NR n R 12 , NR ll Sug, lrtl^V 1 *, R 15 , 

l^"C(R lu R 1,b )COR w aiui group of the fonnula: 

N- A- N 1 "- A 
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wherein A is -CH2-B-CH2- and B is KOfaV-D-CCHzV, wherein m and r are from 1 to 4 and D is O, 
S, NR 1 *, N*R n R lu , wherein Sug is any cyclic or acyclic carbohydrate, R 11 , R n<l and R 12 are defined 



R 14 is CH 2 , C=0, CHOH, ONOR 11 , CHNHOR u , 0=NNR H R 12 , ONNHCONR u R' 2 and 
5 CHNHNR n R 12 , wherein R 1 1 and R w are defined above; 

R 15 is selected from NCR l, )NR na R 12 , N(R n )OR lla , NR u C(R 1,ft R llb )COR 13 , whereto R 11 * R ,lB , R u \ 
R 12 and R 13 are defined above; 

R w is selected from group of the formula: R-R 5 or CH(NH 2 )CHaOH; 

R w is selected from SO3H, SiR n R n, R"\ SiOR u OR Ufl OR Ub , PR U R U % P<0)R U R 1U , P + R u R ,u R m , 
10 wherein R l, ,R ,lB and R llb are defined above; < 
R 18 is selected from hydrogen and R 1 , wherein R 1 is defined above. Preferably R 1? is CH3, 
CH 2 CH(CHj) 2l phenylCp-OH, m-C£), phenyl-maranose-p, phenyKrhanmose-galactose)-*;, phenyl- 
(galactose-galactose)-/?, phenyl-O-methylrhamnose-j?; 

IS Bach compound of the present invention may be a pure stereoisomer coupled at each of its chirsl 
centers or it may be inverted at one or more Of its chiral centers. It may be a single stereoisomer or a 
mixture of two or more stereoisomers. If it is a mixture, the ratio may or may not be equimolar. 
Preferably the compound is a single stereoisomer. Preferably the stereochemistry of the peptide core of 
the compound containing six amino acids (2-7) is 2(J?), 3(5), 4(R), 5(R), 6(5) and 7(5), 



Yet another embodiment of present invention is the use of one or more compounds of the formulas I, II 
or in in a pharmaceutical composition to treat or prevent a viral infection, preferably retroviral 
infection and yet more preferably a HIV-1 or ffiV-2 infection. Thus, one or more of the compounds, 

preferably in the form of a pharmaceutically acceptable salt, can be formulated for oral or parenteral or 
25 topical administration for therapeutic or prophylactic treatment a viral infection, preferably of 
retroviral infection and yet more preferably of HTV infections. 

For example: the compound can be mixed with pharmaceutically acceptable carriers and excipients 
and used in the form of tablets, capsulas, elixirs, suspensions, gels, syrups, wafers and the like. The 
compositions comprising one or more compounds of the general formula I, II or III or derivatives of 
30 these compound will contain from about 0.01 to about 90 % by weight of the active compound, and 

more prefereably from about 10 to about 30 %. The composition may contain pharmaceutical 
acceptable carders and excipients, such as com starch, or gelatin, lactose, sucrose, micro crystalline 

cellulose, dicalcium phosphate, sodium rilloride, and alginic acid. 




above; 
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one of the commonly used intravenous fluids or any pharmaceutical^ acceptable fluid for intravenous 
injection and administered by infusion. Such fluids as, for example, physiological saline, Ringer's 
solution, or % dextrose solution can be used For intramuscular preparation, a sterile formulation of a 
5 suitable soluble salt form of the compound, for example a hydrochloride salt, can be dissolved and 
administered in a pharmaceutical diluent such as pyrogen-ftee water (distilled), physiological saKne or 
5 % glucose solution. A suitable insoluble form of the compound may be prepared and administered as 
a suspension in an adequate base or a pharmacologically acceptable oil base, for example, an ester of a 
long chain fatly add such as ethyl oleate. For topical (Le- intravaginal) use, a sterile formulation of a 
10 suitable form of the compound can be incorporated in a gel or a cream or alike. 
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5 



Scheme 2. Eremomyctn hexapeptide derivative 
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Scheme 3. Teicoplamn agiycon derivatives. 
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Scheme 4. Modified products of teicopLanin aglycon degradatioi 




HCbz 



Compound 20. LCTA-962; X = CH 2 NHAdam, Y =Boc; C«tHa>N«Oi8CI* 1315 
Compound 21. LCTA-963: X = ClfcNHAdam, Y = H; C^H^N^sCfe, 1215 
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Compound 22. LCTA-969: X = CHiNHAdam, CisHfisN^OtsCfeS, 1498 



Footnote ; Adam: Adamant- 1-yl. 
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METHODS OF SYNTHESIS 



Method A. Amiitometbylated derivatives^ (941), 3 (902), 20 (962), 2* (963), 22 <?69)} 

To a stirred solution of 0.5 mmol of antibiotic or its degradation product and 4 mmol of an appropriate 
in 10 ml of an acetonitrile-water 1 : 1 mixture wag added 3 mmol of 37% aquous formaldehyde. If a 



5 salt of amine was used In NaOH was added to pH 10. The reaction mixture was stirred at room 
temperature for 18 h and then, 100 ml of water was added. After adjusting the reaction mixture at pH 
3 with In HC1. the resulting solution (or suspension) was extracted with n-BuOH (~ 25 ml x 2); the 
organic layer was washed with water (~ 15 ml x 2) and then concentrated at 45 "C in a vacuum to a 
small volume (~3 ml). On adding ether (- 100 ml), the precipitated solid was collected and dried in 

10 vacuum at room temperature for 4 h- Then it was dissolved in a minimal amount of MeOH and applied 
to a chromatographic column with Sephadex LH-20 (2 x 100 cm) preequilmratedbwith MeOH. The 
column was developed with MeOH at a rate of 10 ml/h, while collecting 5 ml fractions. The suitable 
fractions were combined and concentrated to a small volume (~ 3 ml). After adding ether (~ 100 ml) 
the precipitate formed was collected, rinsed with ether and dried in vacuum at room temperature. 

15 The starting compound for 20 (962) - N z -Cbz-N*-Boc-TDTP-Me - was obtained as previously 

described Compound 21 (963) was obtained from 20 (962) by the removal of Boc-group in TFA as 
previously described for N 2 -Cbz-N 4 -Boc-TDTP-Me 1 . 

The starting compound for 22 (969) - N-teraiinal phenyltWohydantoin-derivative of teicoplanin 
aglycon - was obtained by Edman degradation of teicoplanin aglycon. 

20 1. Malabarba, A.; Ciabatti, R.; Maggim, M.; Ferrari, P.; Vekey, K.; Colombo, L.; Denaro, M. 
Structural modifications of the active site in teicoplanin and related glycopeptides.2. 
Deglucoteicoplamn-derivedtetrapeptide. J. Org. Chem. 1996,57,2151-2157. 

Method B. Carboxsunides { 7 (817), 8 (819), 10 (876), 13 (916), 17 (953) } 
25 To a mixture of an antibiotic or its degradation product (0.5 mmol) and 5 mmol of an amine 
hydrochloride dissolved in 5 ml of DMSO were added portion-wise Et 3 N to adjust pH 8.5-9 and 
afterwards during 1 hour 1 mmol of PyBOP - reagent (benzotriazoM -ylcxy)-tri5-(pyrrolidino) 
phosphonium-hexafluorophosphate) or HBPyU-reagent (OKbenzotriazol-l-yloxy)^^,!^^- 
bis(tetramettjylene)uronium hexafluorophosphate). The reaction mixture was stirred at room 
30 temperature for 3 hours. 

Addition of ether (-100 ml) to the reaction mixture led to an oily residue, which was shaken 
successively with ether (15 ml x 2) and acetone (-15 ml). After addition of 100 ml of acetone a 
precipitate of crude amide was collected, dissolved in 50 ml of water and In NaOH was added to pH 9. 
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^ The resulting solution (or suspension) was extracted with ji-BuOH (~ 25 ml x 3); the organic layer was 
washed with water (~ 15 mix 3) and then concentrated at 45 °C ill vacuum to a small volume (-3 ml). 
On adding ether (- 100 ml), the precipitated solid was collected and dried in a vacuum at room for 4 h. 
and 100 ml of acetone was added to form the precipitate, which was collected to give a pure 
5 carboxamide. 

Method C. Carboxamides of arainomethylated derivatives { 2 (940), 5 (936), 6 ($66), 9 (820), 12 
(901), 15 (934), 18 (955), 19 (960) } 

These compounds were obtained by the method B starting from the aminometylated derivatives 
10 obtained by the method A. 

Method D* N-carbamoylated derivative* {16 (947)} 

To a stirred solution of 0.5 nraiol of antibiotic or its degradation product in 15 ml THF-water I : I 
mixture adjusted to pH 10 with In NaOH 0*55 mmol of adamantyloxycarbonyl chloride was added 
The reaction mixture was stirred at room temperature for 4 h» then it was diluted with 100 ml of water. 
15 After adjusting the reaction mixture at pH 3 with In HC1, the resulting solution (or suspension) was 
extracted with rc-BuOH (-25 mix 2); the organic layer was washed with water (~ 15 ml x2) and then 
concentrated at 45 °C in a vacuum to a small volume (-3 ml). On adding ether (~ 100 ml), the 
precipitated solid was collected and dried in vacuum at room temperature for 4 h. 

Method E* N-carb&moylated derivative of carboxamide {11 (898)} 

20 This compound was obtained by the method D using BocfcO reagent starting from carboxamide 
obtained by the method B- 

Method F, N-carbamoylated derivative of carboxamides of aittinomethylated derivatives {4 



These compounds were obtained by the method D using Boc 2 0 reagent starting from carboxamides of 
25 aminomethylated derivatives obtained by the method C. 

The homogeneity and identity of the compounds obtained was assessed by HPLC and ESI 
mass-spectrarnetry. Analytical reverse phase HPLC was carried out on a Shimadzu HPLC 
instrument of the LC 10 series on a Diasorb C16 column (particle size 7 jum) at an injection volume of 
30 10 |*L and a wave length 280 m The sample concentration was 0.05-0.2 mg/mL. Mass spectra were 
determined by Eiectrospray Iomsation (ESI) on a Finnigan SSQ7000 single quadrupole mass 
spectrometer. 



(935), 14 (933)} 
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5 ANTIVIRAL AND CYTOSTATIC ASSAY METHODS 

Anti-HIV activity assays 

Inhibition of HIV- 1 (life) and HT/-2(ROD)-indiiced cytopathirity in CEM cells was measured in 
microliter 96-well plates containing - 3 x 10 5 CEM cells/ml, infected with 100 CCIDso of HIV per ml 
10 and containing appropriate dilutions of the test compounds. After 4 to 5 days of incubation at 37°C in a 
COa-controlled humidified atmosphere, CEM giant (syncytium) cell formation was examined 
microscopically* The EC50 (50% effective concentration) was defined as the concentration of 
compound required to inhibit HTV-induced giant cell formation by 50%. 
Cytostatic activity assays 

15 All assays were performed in 96-well microtiter plates. To each well were added 5 - 7.5 x 10 4 cells 
and a given amount of the test compound. The cells were allowed to proliferate for 48 h (murine 
leukemia L1210) or 72 h (human lymphocyte CEM and Molt4/clone 8) at 37*C in a humidified CO*- 
controlled atmosphere. At the end of the incubation period, the cells were counted in a Coulter counter. 
The IC50 (50% inhibitory concentration) was defined aB the concentration of the compound that 

20 reduced the number of cells by 50%. 
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DiscuBBion 

A variety of glycopeptide antibiotic derivatives of vancomycin, eremomycin and teicoplanin 
including their aglycon derivatives were evaluated on their inhibitory activity against HIV-mBfe) and 
5 HIV-2(ROD) in CEM cell cultures. 

In contrast with vancomycin and eremomycin that did not show anti-HIV activity at 250 uM, 
the vancomycin derivative 1 modified at X (Scheme 1) was inhibitory to HIV-1 at an ECs 0 of 12 uM 
and to HTV-2 at an EC50 of 22 uM (table 1). The eremomycin derivative 2 was 2-fold more inhibitory 
to HIV-1 than 1, fcterestmgly, the eremomycin aglycon derivatives 3 to 5 all invariably inhibited both 
10 HIV-1 and HTV-2 at ECso values ranging between 3.5 and 12.5 hM. This is at compound 
concentrations that were at least 15- to 20-fold lower than required for eremomycin aglycon. They 
were relatively non-toxic QC50 > 100 uM-500 uM for CEM cells). The Des-(N-methyl-L-leucyl)- 
eremomycin aglycon 6 was also active against HIV (13-20 uM) and not toxic at 250 uM (Scheme 1, 
Table 1). 

15 A large variety of teicoplanin aglycon derivatives have also been synthesized (Scheme 2) and 

evaluated for their anti-HIV activity (Table 1). All of them showed pronounced anti-HTV-1 and anti- 
HIV-2 activity, often with a trend of being slightly more active against HTV-1 than HTV-2. The most 
active congeners were inhibitory against HTV-l in the range of 1.3 to 2.5 uM (compounds 7, 9 and 19), 
19 was not cytotoxic at 250 uM. This means that 19 had a selectivity index (ratio IC50/EC50) that was 

20 2 100. The antiviral activity of the latter compound was also at least 10-fold improved over the 
unsubstituted teicoplanin aglycon (BC50: 17-20 uM; iCso: > 500 uM). 

Compounds 20 and 21 that lack the ring systems 1 and 3 and have only two macrorrag 
structures showed activity against HTV-1 and HTV-2 between 17 and 37 uM (Table 1, Scheme 3). 
Also, compound 22 (Scheme 4) showed an antiviral activity of 13 and 17 uM against HTV-1 and HTV- 

25 2, respectively (Table 1). 

It is clear that in general, the aglycon derivatives of vancomycin, eremomycin and teicoplanin 
gain anti-HIV activity compared to their (usually inactive) glycosylated parent compounds. Also, 
substituents on the aglycons of vancomycin, eremomycin and teicoplanin that increase the 
lipophyKcity of the aglycon antibiotic derivatives, markedly increase also the anti-HIV activity of the 

30 compounds. In some cases, just the simple aglycon showed already measurable anti-HIV activity, but 
hydrophobic derivatives were, as a rule, markedly more (10- to 100-fold) inhibitory to HTV. Among 
the teicoplanin derivatives, me highly hydrophobic compound 13 showB prominent anti-HIV activity. 
The structural requirements to avoid cellular toxicity are unclear, but a number of antibiotic derivatives 
are clearly not cytostatic in cell culture, keeping pronounced antiviral activity. 

35 
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^1 



^ In conclusion, novel classes of modified antibiotics have been discovered that were surprisingly 

active and selective against HIV in cell culture. The most active members of these antibiotic 
derivatives had an EC 5 o of 1-3 \iM. and were non-toxic in cell culture (ICso ^ 200-500 jiM). Their 
antiviral mechanism of action is located at an early event in the infection cycle of HIV (most likely 

5 adsorption &fld/Oi fusion), and clearly different from its molecular mechanism of anti-bacterial activity. 
The compounds efficiently suppress drug-resistant HIV-1 strains (data not shown), and resistance 
development in cell culture is difficult to afford. Therefore, the (lipophyllc) aglycon antibiotic 
derivatives should be regarded as interesting new lead drugs that should be fttrther explored as 
antiretroviral (i,e, HIV) compounds for systemic use. In addition, their early intervention in the 
10 infection cycle of HEV also make these compounds potential candidate drugs for prevention of HIV 
spread [i.e. as a microbicide given through local (i.e. topical) administration (i.e. intmvaginally)]* 



Table 1. Cytostatic and airti-HTV activity of glycopeptide antibiotic derivatives 



Compound 




IC5o a (uM) 




EC5o D (ttM) 


No.. 


L1210 


MOM4/C8 


GEM 


HIV-1 


HIV-2 


Vancomycin 


>500 


>soo 


> 500 


>250 


>250 


Eremomycin 


500 


>soo 


>500 


>250 


>250 


Teicoplanin 


>500 


>500 


>500 


18 ±3.5 


100 ±0 


Teicoplanin 


>500 


>500 


>500 


17 ±3.5 


20 ±0 


aglycon 












Eremomycin 


>500 


>500 


>500 


50 ±28 


250 ±0.0 


aglycon 












Vancomycin 


>50O 


>500 


>500 


65 ±7.1 


250 ±0.0 


aglycon 












1 


53 ±9 


>100 


>100 


12 + 3.5 


22 + 3.5 


2 


22 ±0.3 


24 ±18 


95 ± 14.1 


5.1 ±3.3 


20 


3 


250 ±39 


>500 


>500 


5.5 ±0.7 


12 ±3.5 


4 


84 ±22 


>100 


>100 


4.0 ±0 


3.5 ±0.7 


5 


> 100 


>100 


>100 


4.0 ±1.7 


5.5 ±0.7 


« 


>250 


>250 


>250 


13 ±9.9 


20 ± 7.1 


7 


38.7 ± 3.4 


32.3 ± 


44 ± 0.42 


1.5 ±0.7 


4.5 ±2.1 


8 


>500 


>500 


>500 


15±0 


17.5 ±3.5 


9 


38 ±1 


72±6 


66±2 


1.8 ±0.49 


7±0 
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10 


2 500. : 


225 ±8 . 


402±138 . 


6.5+0.7 ... 


12.5 ±3.5 


11 


>500 


>500 


>500 


12.5 ±3.5 


25 ±7 


12 


>5O0 


>500 


>500 


15 ± 7.1 


17.5 ±10.6 


13 


>100 


>100 


>100 


4±0 


7 ±4.2 


14 


70 ±23 


>100 


>100 


6±1 


12 ±5.2 


15 


>100 


> 100 


>100 


9.7 ±9 


12.3 ±6.8 


16 


22 ±0.1 


25 ±0.99 


104 ±3.0 


13 ± 9.9 


6.0 ±1.4 


17 


30 ±5.7 


26 ±6.0 


123 ±6.0 


7.0 ±4.2 


6.0 ± 1.4 


18 


212 ±54 


>250 


>250 


5.0 ± 1.4 


17 ±3.5 


19 


202 ±68 


>250 


>2S0 


2.5 ± 0.7 


3.5 ±2.1 


20 


95±10 


122 ±13 


240 ±13 


17 ±33 


11 ±5.7 


21 


181 ±4.0 


>250 


>250 


17 ±33 


37 ±18 


22 


73 ±24 


2250 


242 ±11 


13 ±9.9 


17 ± 3.5 



^ICso, car compound concentration required to inhibit tumor cell proliferation by 50%« 

^Cso* or compound concentration required to inhibit HI V-induced giant cell formation in CEM cell 

cultures by 50%. 

5 
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dycopeptide Antibiotics 



Novel classes of modified antibiotics have been discovered that were surprisingly active and selective 
against HIV in cell culture. The most active members of these antibiotic derivatives had an EC$o of 1-3 
|iM and were non-toxic in cell culture (IC 5 o £ 200-500 jiM). Their antiviral mechanism of action is 
located at an early event in the infection cycle of HIV (most likely adsorption and/or fiision)> and 
clearly different from its molecular mechanism of anti-bacterial activity. The compounds efficiently 
suppress drug-resistant HIV-1 strains, and resistance development in ceil culture is difficult to afford. 
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